Introduction: Overweight and obesity are increasing worldwide and are associated with an increased risk for cardiovascular disease (CVD). The aim of this study was to examine the burden of CVD risk factors among normal weight, overweight, and obese subjects with hypertension, and to evaluate the effectiveness of switching to a single-pill combination (SPC) of perindopril arginine/indapamide for blood pressure (BP) control in overweight and obese subjects treated in routine clinical practice. Methods: FORSAGE was a 3-month, multicenter, observational, open-label study conducted in Russian patients with uncontrolled arterial hypertension under previous antihypertensive therapy. Subjects were switched to the full-dose (78.1%) or those with a normal BMI (81.8%) (P \ 0.0001 for both comparisons). Conclusions: In subjects with uncontrolled BP on existing antihypertensive therapy, switching to perindopril arginine 10 mg/indapamide 2.5 mg was associated with statistically significant decreases in BP and higher rates of target BP achievement in all BMI groups, including more than 70% of overweight and obese patients.
perindopril arginine 10 mg/indapamide 2.5 mg SPC. BP was assessed at 2 weeks, 1 month, and 3 months, and serum creatinine and general health status at 3 months. The present post hoc analysis of the FORSAGE study results explored the effectiveness of perindopril arginine/indapamide SPC in patients with arterial hypertension with regard to baseline body mass index (BMI): normal (\ 25 kg/m 2 ), overweight (25 B BMI \ 30 kg/m 2 ), and obese (C 30 kg/ m 2 ). Results: A total of 1969 patients were recruited, but BMI data were available for 1963 patients, two-thirds of whom were women. The distribution of BMI groups was as follows: \ 25 kg/ m 2 (16.7%), overweight (48.7%), and obese (34.7%). Overweight or obese patients had more concomitant diseases such as diabetes mellitus or history of stroke, higher BP levels, serum cholesterol and creatinine, and lower glomerular filtration rates. Switching to perindopril arginine/indapamide SPC was associated with a statistically significant reduction in BP as early as the second week of treatment. At 3 months, systolic blood pressure (SBP)/diastolic blood pressure (DBP) had decreased significantly by 39.3/18.8 mmHg in the normal BMI group, 39.8/18.8 mmHg in overweight, and 39.4/ 18.7 mmHg in obese groups. The magnitude of the BP reduction was independent of BMI. Achievement of target BP (\ 140/90 mmHg) was good in all groups, but lower in obese subjects (70.9%) than in overweight subjects
INTRODUCTION
The achievement of blood pressure (BP) targets is dependent on many factors, including adequate treatment prescription, patient adherence to treatment, as well as the characteristics of the patient and the presence of comorbidities [1] . In particular, suboptimal efficacy of antihypertensive therapy is often found in patients with obesity, type 2 diabetes mellitus, target organ damage, or hypertension-related diseases such as coronary artery disease [2] [3] [4] [5] [6] .
One method to improve the effectiveness of treatment is to increase the number of prescribed antihypertensive agents and their doses [7] , preferably in the form of a single-pill combination (SPC).
In 2015, we conducted the open-label, observational FORSAGE study in which patients were switched from previous antihypertensive therapy to full-dose perindopril arginine/indapamide SPC and physicians educated on how to encourage patients to lead a healthy lifestyle with the aim of improving achievement of target BP and increasing adherence to treatment [8] . The data obtained from FORSAGE indicated that switching to full-dose perindopril arginine/ indapamide SPC resulted in three quarters of the study population achieving target BP values [8] . Moreover, the increase in treatment effectiveness was similar between the group of patients whose physicians received additional education within the program and those who did not [8] .
Nevertheless, almost a quarter of patients did not achieve the target BP level. The main factors underlying this failure were male gender, age over 60 years, poor treatment adherence at baseline, persistent high cholesterol levels, higher baseline BP levels, low glomerular filtration rate (GFR), high heart rate, and increased body mass index (BMI) [8] . The aim of the current post hoc analysis of the FORSAGE study was to assess the effectiveness of the perindopril arginine/indapamide (10 mg/2.5 mg) SPC in patients with arterial hypertension with regard to baseline BMI.
METHODS
FORSAGE was a 3-month, multicenter, openlabel, observational study carried out in 29 cities in the Russian Federation from November 2014 to April 2016. Patients were randomized into three groups. In group 1, patients were followed up by the physician according to routine clinical practice without any specific recommendations. In group 2, physicians received training on current guidelines for the management of hypertension and in effective patient communication for increasing treatment adherence. In group 3, physicians received training on current guidelines for the management of hypertension and effective patient communication, and patients were trained in self-monitoring of BP. Patients in groups 2 and 3 also received counseling for non-pharmacological treatments for hypertension, including dietary and salt intake recommendations. The methods and main findings of the study have been previously published in Russian [8] . A total of 442 general practitioners (GPs) and internists participated in the program and enrolled 1969 patients with essential arterial hypertension having BP [ 150/ 90 mmHg despite treatment. Inclusion criteria were: age over 18 years and BP [ 150/90 mmHg on current antihypertensive therapy. Treatment with perindopril/indapamide SPC was based on physician's judgment. Perindopril arginine/indapamide (10 mg/2.5 mg) was administered in accordance with clinical situation and the drug label. The dose of perindopril arginine/indapamide (10 mg/2.5 mg) could be decreased to perindopril arginine/indapamide (5 mg/ 1.25 mg) in case of need.
Non-inclusion criteria were as follows: secondary hypertension, pregnancy, breast-feeding, severe cardiovascular disease (CVD; acute myocardial infarction or acute cerebrovascular accident within the last 6 months), diabetes mellitus in the stage of decompensation, severe hepatic impairment, renal transplantation, nephrectomy or the presence of a single kidney, hypokalemia or hyperkalemia, chronic alcoholism, abuse of drugs, contraindications, intolerance or hypersensitivity reactions to perindopril arginine/indapamide or its individual components, systemic connective tissue diseases, aortic stenosis, malignant neoplasm, presence of indapamide 1.25 mg/perindopril 5 mg or indapamide 2.5 mg/perindopril 10 mg or free combination of its compounds (perindopril/indapamide) in a current therapy, inability to understand the essence of the study and to give valid consent to participate.
Data were collected during four visits to participating centers at the following intervals: baseline, 2 weeks, 1 month (M1), and 3 months (M3). Investigators collected patient demographic data as well as information on risk factors, history of cardiovascular events, BP, resting heart rate, and current cardiovascular treatments. As this was an observational study, no unified echocardiographic methods were specified, and both 2D Doppler and M-mode methods could be used. Data on systolic and diastolic BP (SBP and DBP) and heart rate were collected at all four visits; serum creatinine levels were assessed at baseline and M3. General health status was assessed at baseline and M3 using the visual analogue scale (VAS) scored from 0 to 100 points.
All patients meeting the study inclusion criteria were switched to perindopril/indapamide SPC (10 mg/2.5 mg). During the study, angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), and diuretics could be replaced by perindopril/indapamide SPC. If a patient was also receiving therapy from other classes of antihypertensive drugs, this therapy could be continued.
Patients with a known BMI (n = 1963) were divided into three groups according to their baseline value as follows: (1) normal BMI (\ 25 kg/m 2 ), (2) overweight (25 B BMI \ 30 kg/ m 2 ), and (3) obese (BMI C 30 kg/m 2 ).
Treatment effectiveness was assessed based on change in BP and rate of target BP achievement (for patients who completed the program in accordance with the protocol) at 2 weeks, M1, and M3. Adverse events were monitored throughout the study.
Statistical Analysis
Data were analyzed using SAS statistical software version 6.12 and are presented as mean values, standard deviation, standard error of the mean, minimum and maximum values, and median with quintiles for continuous variables, or as absolute number and relative frequency of occurrence of each possible value for qualitative or categorical variables. Values before and after treatment for the whole population and BMI subgroups were compared using Student's t test (or Fisher's exact test) for paired observations, or non-parametric Wilcoxon, Mann-Whitney, and chi-square tests. Treatment subgroups were compared using analysis of variance. P \ 0.05 was considered statistically significant.
Compliance with Ethics Guidelines
The program was approved at the meeting of the Inter-University Ethical Committee, Protocol No. 06-14 dated 20.06.2014 (Moscow). The study was performed in accordance with the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) guidelines for good clinical practice and the ethical principles derived from the revised Declaration of Helsinki. All patients provided written informed consent.
RESULTS
Of the 1969 patients in the FORSAGE study, 1963 had baseline BMI data available and were included in the present analysis. A total of 32 patients (1.6%) withdrew from the study prematurely: nine were lost to follow-up, 11 declined to participate, four discontinued due to the doctor's decision, two withdrew due to lack of efficacy and six for adverse events. Demographic and baseline clinical characteristics are shown in Table 1 . The mean age was 60.1 ± 0.3 years, and 64.3% were women. A normal BMI was observed in 16.7% of patients, almost half were overweight (48.7%), and over one-third were obese (34.7%). The mean BMI values in the three groups were 23.3 kg/m 2 , 27.4 kg/m 2 , and 33.6 kg/m 2 , respectively.
The proportions of patients receiving the different types of antihypertensive drugs are described in Table 2 . At study entry, 1682 patients (85.7%) were receiving free combinations of antihypertensive drugs, and 287 (14.6%) were receiving fixed combinations. The single-pill combinations were stopped when patients started treatment with perindopril/indapamide SPC. The proportion of patients receiving concomitant treatment after having started perindopril/indapamide SPC decreased during visits 1-3. At visit 3, 32.4% of patients were receiving beta blockers vs. 41.6% at visit 0, 12.0% of patients were receiving CCB vs. 25.9% at visit 0, 1.8% were receiving diuretics other than indapamide vs. 35.4% receiving diuretics (including indapamide) at visit 0, and 0.6% of patients were receiving ARB vs. 26.0% at visit 0.
No significant difference was observed between the mean number of drugs taken by patients with normal BMI (3.9) and by overweight subjects (4.1), but obese patients were using statistically more drug classes (4.4; P = 0.0001).
At baseline, a number of differences in demographic and clinical characteristics were observed between the three BMI groups ( Table 1 ). In all groups, there was a higher proportion of women than men, but particularly in the obese group (72.1%). SBP and DBP values were high in all groups, and small but statistically significant increases in BP were observed in both the overweight and obese groups compared with the normal BMI group. Small but statistically significant increases in mean total cholesterol levels were also observed in both the overweight and obese groups compared with normal BMI and between the overweight and obese groups. The proportions of patients with hypercholesterolemia (total cholesterol [ 5 mmol/L) were higher in the overweight and obese BMI groups compared with patients with normal BMI. Obese subjects were found to have statistically higher serum creatinine concentrations and lower GFR compared with the other groups.
The proportion of patients with type 2 diabetes was statistically greater in both overweight and obese groups compared with the normal BMI group, and also differed between the obese and overweight groups (22.3 vs. 11.8%, respectively, P = 0.0001; Table 1 ). Obese patients had higher occurrence rates of left ventricular hypertrophy, exertional angina pectoris, and heart failure, and were more likely to have a history of stroke, hypertensive crisis, or hospitalization for hypertensive crisis. Overweight patients had a higher rate of hospitalization for hypertensive crisis compared with patients with normal BMI. There were no significant differences in duration of hypertension or heart rate between groups, and no differences in well-being estimates.
At baseline, SBP levels were higher in overweight and obese patients than patients with normal BMI, and SBP was significantly higher in obese patients than in overweight patients ( Table 3 ). Switching to a perindopril arginine/ indapamide SPC was associated with a significant reduction in SBP in all BMI groups (Fig. 1) . At each visit, SBP levels were significantly lower than at the previous one (P = 0.0001). Although the absolute SBP values remained slightly higher in obese and overweight patients compared with patients with normal BMI, patients in all groups achieved the target SBP ACEI angiotensin-converting enzyme inhibitors, ARB angiotensin receptor blocker, BB beta blocker, CCB calcium channel blockers of \ 140 mmHg at M3 despite differences in cardiovascular risk profiles and the target level of BP in patients in comparison groups. While absolute DBP values remained higher in obese patients at all visits compared with patients with normal BMI and overweight patients, a continuous reduction in DBP levels was observed at each visit in all groups (P = 0.0001) ( Fig. 1) . In overweight patients, differences in DBP reached statistical significance compared with patients with normal BMI at M3. After 3 months of treatment with the singlepill combination, over 70% of patients had achieved target BP levels (\ 140/90 mm Hg) in all three groups ( Table 4 ). The proportion of patients achieving BP target levels decreased with increasing BMI level. At 2 weeks, the proportion of patients who achieved the target BP was similar in all three groups (Table 4 ), but at M1 and M3 the proportions of overweight and especially obese patients who achieved target BP were significantly lower than in the group with normal BMI.
Creatinine levels had decreased in all groups at M3, although they remained higher in obese patients compared with the other two BMI groups (P = 0.001) ( Table 5 ). Over the course of the study, creatinine clearance increased in all groups, even in the obese, with no statistical differences between groups at M3 ( Table 5) .
During the study, adverse events were reported in seven patients (0.36% of the included patients). Five patients experienced dry cough, one of them with associated insomnia. One patient experienced pruritus and insomnia. All these cases were assessed as related to the drug and not serious, and all patients recovered after drug discontinuation. One serious adverse event was reported. This concerned a 52-yearold woman who experienced clinically manifest hypotension (BP 100/60 mm Hg). The patient completed the study as per protocol, but further action regarding the drug and outcome are unknown. The case was not reported as serious, but it was upgraded in seriousness by the Therapeutic Safety Department.
Two patients stopped their participation in the study due to a lack of treatment efficacy. Information about outcome was not available for these patients. Worldwide, nearly a third of the population is now classified as overweight or obese [9] . In the current study, 48.7% of patients had a BMI in the overweight range, while 34.7% were obese. Similar findings have been observed in a recent large epidemiological study from the Russian Federation, where the prevalence of BMI-defined obesity was estimated as 33.4% [10] . In addition to hypertension, overweight is associated with multiple CVD risk factors, including hypercholesterolemia, diabetes, and metabolic syndrome. Pooled data from a number of US longitudinal population-based cohort studies have been used to estimate lifetime risk estimates of CVD by weight status [11] . The results showed that overweight and obesity were associated with earlier onset of CVD, and a greater proportion of life lived with CVD morbidity. Obesity was additionally associated with shorter overall survival compared with adults with normal BMI. The FORSAGE findings are in line with previously reported studies. The Global Cardiometabolic Risk Profile in patients with Hypertension Disease (GOOD) survey, which included 3370 patients from 12 European countries, showed that patients with uncontrolled BP had a higher BMI, greater waist circumference, and other impaired metabolic parameters (increased fasting plasma glucose, total cholesterol, and triglyceride levels), as well as lower levels of high-density lipoprotein (HDL) cholesterol in women [12] . In the GOOD survey, the prevalence of metabolic syndrome (ATP III criteria) was significantly higher in patients with uncontrolled versus controlled BP (66.5 vs. 35.5%, respectively). Multivariate analysis revealed that the metabolic syndrome was associated with a 2.6-fold greater likelihood of poor BP control [12] . Further analysis of the GOOD survey reported that it was the visceral obesity and dyslipidemia components of the metabolic syndrome that were associated with the poor response to antihypertensive treatment and not impaired glucose tolerance [13] .
Regardless of BMI group, switching from previous therapy with ACEI, ARB, and diuretics to SPC perindopril arginine/indapamide at full dose (10 mg/2.5 mg) was associated with statistically significant decreases in BP and higher rates of target BP achievement (despite the fact that most patients had been receiving combination therapy including renin-angiotensin-aldosterone system (RAAS) inhibitors and diuretics at baseline). However, although the overall proportion of patients achieving target BP was quite high (70-80%), fewer obese subjects achieved target BP compared with subjects in the overweight and normal BMI groups at all study time points.
The reduced efficacy of antihypertensive therapy in obese subjects may relate to the fact that hypertension in these individuals has different pathogenetic features [14] . In people with obesity, the kidneys are subject to outer compression by intra-abdominal adipose tissue and increased intra-abdominal pressure, as well as inner compression of renal medullary sinuses by penetrating adipose tissue and increased intrarenal tissue compression. The result is impaired blood supply to the kidneys and subsequent activation of the renin-angiotensin and sympathetic nervous systems [15] . The adipose tissue itself also plays an important role in the activation of RAAS. Individual adipocytes have all the components of the RAAS, and an accumulation of fat mass leads to an increase in angiotensinogen followed by increased angiotensin II levels, higher expression of angiotensin II type 1 receptors, and aldosterone production. This causes a significant change in the structural and functional state of the cardiovascular system (left ventricular hypertrophy, vascular remodeling, and endothelial dysfunction) on the one hand, and an increase in salt sensitivity and an increase in the reabsorption of sodium and fluid on the other, with a resultant increase in fluid volume [16] .
Adipocytes are hormonally active cells that trigger the production of leptin, adipsin, adiponectin, and proinflammatory cytokines (TNFa, interleukins, transforming growth factor-b, and monocyte chemoattractant protein 1), and the release of fatty acids [17] . The fasting level of leptin secreted by adipocytes becomes higher with increased grade of obesity. At the same time, leptin increases the activity of the sympathetic nervous system, particularly in the kidneys. The consequences of sustained sympathetic overdrive include increases in cardiac output and heart rate, tubular reabsorption of sodium, and intravascular blood volume [18] . The combination of perindopril and indapamide therefore acts on the major mechanisms involved in obesity-related hypertension: adipocyte-associated RAAS activation (inhibited by perindopril) and distal tubule sodium reabsorption (blocked by indapamide).
Greater attention is now also being paid to the association between oxidative stress and hypertension in obese patients. Oxidative stress and increased production of reactive oxygen species in glomerular podocytes, endothelial cells, and mesangial cells are known to lead to the development and progression of kidney damage in metabolic disorders [19] . Increased arterial stiffness and early return of reflected waves represent a rise in central systolic BP, a drop in diastolic BP, and an increase in pulse pressure, and mediate at least some of the effects of CKD on cardiac function [20] . Arterial stiffness can be improved by a few classes of antihypertensive drugs, such as ACEI, ARB, and direct renin inhibitors. These are able to reduce arterial stiffness independently of BP changes, which may explain the effectiveness of the fixed-dose combination of perindopril/indapamide in this category of patient. It was noted that the incidence of glomerulopathy associated with obesity increased tenfold between 1986 and 2000 [21] . Obesity is considered to be a powerful factor in the initiation and progression of chronic kidney disease [22, 23] . Importantly, in the FORSAGE study, perindopril/ indapamide treatment was not associated with acute increases in serum creatinine or a sudden decline in GFR. The combination was well tolerated, with adverse events in line with those reported in previous studies in a variety of patient groups [24] [25] [26] .
The complex pathogenesis of obesity-related hypertension highlights the need for specific pharmacological recommendations in the form of combination antihypertensive therapy [27] . Subgroup analysis of obese patients from the large randomized ASCOT BPLA (Anglo-Scandinavian Cardiac Outcomes Trial, Blood Pressure Lowering Arm) trial, suggests that drugs such as thiazide diuretics and ACEI are superior for preventing cardiovascular events in obesity-related hypertension [28] , and it has been suggested that this combination should be considered as first-line antihypertensive drug therapy in obesity [29] . In the FORSAGE study, patients were initially receiving combination therapy, but it is likely that the specific components of the combination therapy regimen may provide an explanation for the differences in the efficacy of treatment.
No significant difference was observed between the mean number of drugs taken by patients with normal BMI (3.9) and by overweight subjects (4.1), but obese patients were using statistically more drug classes (4.4; P = 0.0001). The proportion of patients taking CCB was low (13.4, 16.1, and 16.1% in the normal, overweight, and obese BMI groups, respectively), and as these numbers did not change during the study, CCB use could not have influenced the antihypertensive effect.
There is evidence that perindopril leads to a more pronounced decrease in BP than other ACEI in most patients [23] and greater BP-lowering effect than with the ARB, particularly in obesity [30] . In patients with a large number of cardiovascular risk factors such as in the current study, the effect of perindopril is reported to be even more pronounced [31] . Perindopril, in contrast to ARB such as losartan, also increases insulin sensitivity in overweight patients [32] . Furthermore, recent data indicate that a fixed combination of perindopril and indapamide not only leads to a decrease in BP in patient groups achieving and not achieving target BP on preceding therapy, but also to decreases in leptin levels of 14.4 and 10.0%, and high-sensitivity C-reactive protein by 17.7 and 11.0%, and an increase in adiponectin levels of 6.7 and 9.9%, respectively (P \ 0.01) [15] .
The switch to a perindopril/indapamide SPC led to an increase in the number of patients taking a diuretic, a required and pathogenetically substantiated component of treatment for obesity-related hypertension. The observed beneficial effect with the perindopril/indapamide SPC may also be partially explained by the replacement of hydrochlorothiazide, which is often used for the treatment of hypertension, with indapamide. Indapamide is considered a preferred drug for obesity-related hypertension because of its marked antihypertensive effect, as well as multiple organ-protective properties [16] [17] [18] 33] .
Given the increasing rates of overweight and obesity, substantial improvements in CVD risk factor treatment and control rates among obese individuals are needed to prevent future cardiovascular events. Weight loss remains important in patients with obesity-associated hypertension to reduce circulating leptin, decrease sympathetic activation, and improve BP and other risk factors, but weight loss as a result of lifestyle changes is often modest and difficult to maintain. When treating people with obesity, careful attention should be paid to the selection of appropriate antihypertensive therapy. The current study suggests that this should more systematically be brought to the attention of physicians, as in clinical practice, BMI levels in the overweight or obese range appear to have little impact on the type of antihypertensive drugs prescribed. There is currently a lack of clinical trial data evaluating interventions in obese subgroups to determine whether obesity-specific treatments would result in decreased CVD outcomes. No specific recommendations for high BP management in patients with excess weight are discussed in international guidelines, and until the results of randomized clinical trials become available, observational studies such as FORSAGE will continue to inform physicians on the optimal management of their patients.
Study Limitations
In addition to the limitations regarding the study design (open-label, observational, nonrandomized, lack of control group) and post hoc analysis, limitations of the study include the fact that adherence was not assessed in the post hoc analysis, and LVH measurement techniques were not unified. Only descriptive statistics were used, and there was no calculation of sample size. In addition, as the study reflected routine clinical practice, patients could receive concomitant therapy, which may have introduced bias.
CONCLUSIONS
Rates of treatment and control of hypertension are suboptimal, particularly among overweight and obese individuals. The mechanisms of action of perindopril and indapamide may make them particularly suitable for use in obesity-associated hypertension. In the present analysis of the observational FORSAGE study, patients not achieving BP targets on previous antihypertensive therapy were switched to an adapted-dose, perindopril arginine 10 mg/indapamide 2.5 mg SPC. At M3, statistically significant reductions in BP and high rates of target BP achievement were observed in all patient BMI groups. This included the large proportion of overweight and obese patients, a group particularly difficult to control due to specific pathogenetic mechanisms and additional comorbidities and risk factors. by-nc/4.0/), which permits any non-commercial use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
